This paper studies the conditions under which an IT revolution may endogenously occur. To this end, we construct an endogenous growth multisectoral model with a preeminent IT sector. Technological progress is embodied: New softwares can only be run on the the most recent generations of hardware. While the new softwares are copyrighted during a fixed period of time, they become public knowledge at a certain point in time, which generates positive externalities in the rest of the economy. First, we find that our model can give rise to multiple steady states due to strategic complementarities. Then we focus on the dynamic response of the economy to adverse shocks on the level of disembodied technological progress. Substitution effects are shown to arise: The labor resources are diverted from the final goods sector to sustain the creation and production of new softwares. During the IT boom, labor productivity's growth slowdowns, the skill premium rises as well as the value of firms undertaking research. However, the registered IT boom is always transitory and nothing can be said about the long run sustainability of an IT-driven growth regime.
Introduction
The sector of information technologies has been recently invoked to crucially matter in the recent trends and performances of national economies (see for example Gordon, 1999 , Greenwood and Jovanovic, 1999 , Whelan, 2000 , and Jorgenson and Stiroh, 2000 . There is now a common view according to which we are entering in a "new economy", the age of information technologies (IT hereafter). The huge productivity growth figures registered for the durable goods sector, and in particular for the computer sector (around ¾± per year from 1995 to 1999 following Gordon, 1999) , makes it difficult to argue against such a view. However, some issues are still debated and will be debated until a more substantial historical experience is available. The main debated issue concerns the status of this IT age from an historical perspective. Some authors like Greenwood, Yorukoglu or Jovanovic (see Yorukoglu, 1997, and Jovanovic, 1999a) have argued that we are witnessing the Third Industrial Revolution: After an adoption period along which the productivity slowdown takes place due to learning costs and slow diffusion, the IT are now driving the rest of the sectors. The productivity gains should accordingly spread over the economy exactly as the major discoveries affected the pace of economic activity during the nineteenth century's Industrial Revolution.
Robert Gordon (1999 Gordon ( , 2000 has argued against this strongly optimistic view of the recent recovery of the US economy. While the huge figures for productivity growth in the computer sectors are out of question, thus assigning a particular weight to IT in the recovery of total factor productivity growth in the USA, Gordon observes that no significant spillovers are taking place from IT to the rest of the sectors. Even the productivity slowdown has worsened for the non-durable goods manufacturing sectors over the period 1995-1999 compared with the period 1972-1995. Therefore, according to Gordon, if undeniably something important is changing in the US economy, it is by no way comparable with the major discoveries of the nineteenth century. More doubts can be raised about the validity of comparing IT, and especially Internet, with the great inventions of the past. Interestingly it should be noted that much of the use of Internet involves substitution of existing means. This view is shared by Jorgenson and Stiroh (1999) who interpret the current boom of IT as "a vast and continuing substitution of IT equipment for other forms of capital and labor". This massive substitution is fundamentally due to a relative price effect: As properly shown by Gordon in his 1990's influential book, the relative price of durable goods, including hardware and communication, has considerably decreased since the mid-1970's, and even more sharply in the recent years. The so-called Solow paradox according to which productivity gains due to IT are showing up everywhere except in the statistics, can be therefore solved easily: "...This substitution generates substantial returns for the economic agents who undertake IT investments and restructure their activities in order to increase the role of IT. There is little evidence however that substitution is accompanied by technical change as this term is used by economists".
In a more recent article, Jorgenson and Stiroh (2000) emphasize the methodological and statistical issues underlying the debate. Following Griliches (1994) , they observe that many of the goods and services producing high-tech capital may not be adequately measured.
1 Clearly a considerable research effort should be done to appraise and assess the real contribution of IT to growth and productivity so as to conclude more safely about the long run sustainability of the current growth regime. It is not an obvious task at all to measure adequately the effects of Internet on productivity for example. Clearly a highly desirable approach to these measurement problems should account for the two channels through which IT may affect productivity, production effects Vs usage effects: The estimation of productivity gains from the IT revolution should not be confined by construction to the production of hardware and software and other IT means, it should also try to capture the effects of their usage in the other sectors. A brilliant attempt at building up a consistent methodological set-up incorporating the latter aspect is due to Whelan (2000) . Although he does not bring out any definitive answer as for the long run sustainability of the current IT-driven growth regime, his contribution is most worthwhile in that it highlights the methodological problems that one should tackle when accounting for the specific outcomes of a very specific sector, the IT sector.
While the methodological issues are far from settled, the theoretical debate about the determinants, implications and the viability of the IT revolution is even more open. This paper is devoted to a theoretical analysis of the view considering the IT boom as the Third Industrial Revolution. As mentioned above, this view interprets the current recovery as an age of maturity of IT after an adoption period along which the productivity slowdown takes place due to learning costs and slow diffusion. A representative contribution of this mainstream literature can be found in Greenwood and Yorukoglu's 1997 paper. The story is based on the concept of embodied technical change: What primarily characterizes the IT revolution is the embodied nature of the resulting technological progress. A recent and fundamental empirical contribution underlying the role of embodiment is due to Greenwood, Hercowitz and Krusell (1997) . Although there is still some debate about the exact quantitative implications of embodiment (see for example Hulten, 1992 , for a survey), it is now widely admitted that the latter is an unavoidable aspect of modern growth. Since by construction the technological progress conveyed by the IT sector is fundamentally embodied, the so-called "embodied question" is even more crucial regarding this sector.
The fact that after 1974 there has been an acceleration in the rate of embodied technological progress is indeed reflected by the observed acceleration in the rate of decline of the relative price of equipment as reported by Gordon (1990) for example. This is even more striking for IT equipment as emphasize Jorgenson and Stiroh (2000) : The price of computer investment fell around ½ ± per year from ½ ¼ to ½ while the price of IT equipment to households fell ¾ ± annually. Within a computable general equilibrium set-up, Greenwood and Yorukoglu introduce these features by assuming that the rate of embodied technological change has exogenously accelerated suddenly and permanently from 1974. As the pre-exisiting firms are unable to immediately use the new techniques at their full potential, a relatively long adoption period takes place which duration depends upon different endogenous costs (fundamentally skilled labor to facilitate the adoption). Therefore, the story told here does not provide any explanation for the acceleration in the rate of embodied technological progress in the mid-seventies, rather it assumes it. This paper is intended to remedy this shortcoming.
Using a computable general equilibrium approach, we endogenize embodied technological progress: Instead of assuming an exogenous initial shift in the latter, we study the consequences of an exogenous negative supply shock to basically mimic the first oil shock. We then consider to what extent this exogenous shock can be responsible for an endogenous acceleration of the embodied technical progress. Our approach is consequently much less ad-hoc.
Here comes a short description of our model. First at all it should be noted that our model generates endogenous growth and displays non-monotonic dynamics due to a very specific time structure involved by our patent protection specifications. Particular attention has been paid to the modeling of the IT sector. Indeed, we model this sector to meet the following characteristics. First at all, technological progress is mainly embodied. The new softwares can only be run on the the most recent vintages of hardware for technical compatibility requirements. Secondly, the innovators are rewarded by a market power (copyrights) so as to stimulate innovation and growth. This is a typical specification in research-based growth models. In our model, innovating corresponds to expanding the varieties of available softwares (horizontal differentiation, see Romer, 1987) . Finally, while the new softwares are copyrighted during a fixed period of time, they become public knowledge at a certain point in time, which generates positive externalities in the rest of the economy. In this sense, the information technology may a be a powerful engine of growth.
The model is written in discrete time with an infinite time horizon. Two production sectors and one research sector are explicitly modeled. The final good sector uses a vintage capital technology in line with the canonical model of Solow (1960) and employs raw as well as skilled labor. Only the most recent generations of capital (hardware) are compatible with the new varieties of intermediate goods (softwares). The softwares are produced in a second sector, the intermediate goods sector, by the means of a simple linear technology involving a single input, unskilled labor. The producers of patented softwares charge a mark-up while those who produce softwares already in the public domain use marginal-cost pricing. The research sector is designed to expand the varieties of softwares according to a linear technology with a unique input, skilled labor. To model externalities, we assume that the cost of research decreases with the level of public knowledge, which in turn depends on the number of the existing (produced) softwares. Research is financed by households through a perfect financial market. The households behavior is standard. In particular, skilled and unskilled labor supplies are taken inelastic.
After deriving the optimality conditions, we show that the model reduces into a system of eight dynamic (difference) equations. We first study the existence and uniqueness of the steady state growth paths. Due to strategic complementarities, our model can generate multiple steady states. This is a standard result in the literature since the seminal contributions of Cooper and John (1988) and Young (1993) . Strategic complementarities arise in our model due to the embodiment hypothesis exactly as in del Río (1999) or in Boucekkine, del Río and Licandro (2000) : The demand for the new softwares is intimately linked to the investment decisions, and so is profitability of R&D. Investment is the unique channel through which technological advances are enforced, and as such it is a central determinant of the return to R&D. This complementarity between investment and R&D is responsible for multiplicity to occur.
Unfortunately the complexity of our steady state system disables any analytical resolution. So we resort to numerical simulations. We also resort to numerical experiments to study the dynamics of our model along the lines outlined above. In particular, we thoroughly analyze how the dynamics of innovation (through the expanding varieties of softwares) interact with the accumulation of physical capital in the growth process. Several other interesting questions are also raised within our computable general equilibrium setting (such as the skill premium for example).
The model
Time is discrete and goes from 0 to infinity. We first describe the final good sector, then the intermediate good sector and the research activity. Second, households behavior and equilibrium conditions are introduced.
The final good sector
The final good sector produces a composite good that is used either to consume or to invest in physical capital. It uses physical capital, immaterial capital and two types of labor as inputs. Each vintage of physical capital has its own embodied productivity.
The problem of the firm
Let × Ø represent the number of machines or capital units (hardware) produced at time × (i.e., the vintage ×) and still in use at time Ø ×. The quantity Á × × × stands for gross investment, i.e., capital goods production at time ×. We assume that the physical depreciation rate, AE, is constant so
At time Ø ×, the vintage × is operated by a certain amount of unskilled labor, say Ä × Ø , and skilled labor, say À × Ø . Let × Ø be the output produced at time Ø with vintage ×.
Under the following Cobb-Douglas technology we have
with « ¬ ¾ ¼ ½ and ½ « ¬. 
Ò × is the number of varieties available in ×, Ü × is the quantity of input used in × of variety and ½ is the elasticity of substitution between two varieties.
Total output at time Ø, say Ø , is the sum of outputs produced with all vintages,
The discounted profits of investing Á Ø in physical equipment of vintage Ø and in Ü Ø input of immaterial capital of variety are given by:
where
is the discounted factor at time × and Ö is the interest rate at time . × and Û × are respectively the wages for unskilled and skilled labor input at time ×. Ô Ø is the price of variety .
The representative firm chooses physical and immaterial investment and the labor allocation across vintages in order to maximize its discounted profits taking prices as given and subject to its technological constraint:
The first order conditions characterizing an interior maximum for ¥ Ø are
× Ø:
Equation (6) determines investment at time Ø by equalizing marginal returns to marginal costs. Equations (7) and (8) determine the labor allocation at time × to vintage Ø.
Equation (9) gives is the demand function for the intermediate input of type .
Aggregation properties
We define the total stock of efficient capital, which includes both material and immaterial aspects, as
It is thus the sum of surviving machines weighted by their respective productivity. The productivity of each machine depends itself on the embedded immaterial capital. The corresponding law of motion of capital is
Note that the embodied technological progress variable Õ Ø can be seen as a measure of marginal productivity or efficiency of new equipment, it is endogenous in our model in contrast to the canonical model of Greenwood, Hercowitz and Krusell (1997) .
A previous theoretical attempt at endogenizing Õ Ø is in Krusell (1998) . However the research sector in this contribution is extremely ad-hoc as one can see. Our specifications are much more in line with the vintage capital models of Boucekkine, del Río and Licandro (2000) and Hsieh (2000) . However we rely on a much more complete setting in order to meet the basic characteristics of the IT sector as stated in the introduction, and this clearly differentiates our approach.
We next define aggregate skilled and unskilled labor demand and relate them to capital. Combining equations (7) and (8) 
We next transform equations (7) and (8) into
Using (13), the aggregate unskilled employment level at time Ø is:
Hence, the demand for unskilled employment can be written
and, using (12) the aggregate skilled employment level is
Replacing now Ä × Ø and À × Ø in (4) by their value taken from equations (13) and (14), one obtains:
Equation (10), (13), (14), and (17) jointly imply that
Hence, if one redefines the capital stock as we did in equation (10), we retrieve a CobbDouglas production function as in Solow (1960) .
The demand for intermediate inputs
Using equations (6) and (9) 
The price elasticity of demand is thus .
The intermediate good sector
The intermediate good sector produces a number of immaterial products that are sold to the final good sector. It uses unskilled labor to produce the goods and skilled labor to research for new varieties.
The production activity
The sector ¼ Ò Ø producing the intermediate goods is divided into a competitive sector ¼ Ò Ø and a monopolistic sector Ò Ø Ò Ø . The market power is given by the presence of copyrights which have a lifetime of Ì . Hence, after a span of time Ì , monopolistic firms become competitive and we have
The intermediate good of type ¾ ¼ Ò Ø is produced with a constant return to scale technology involving unskilled labor as the only input:
where Ä Ø denotes unskilled labor employed in the intermediate sector and measures labor productivity.
In the side of the sector that behaves competitively, the output price is equal to the marginal cost:
In the side of the sector that behaves monopolistically, the output price is chosen so as to maximize profits subject to the demand formulated by the final good sector:
and the price is a mark-up over unit labor costs, whose mark-up rate depend on the price elasticity of demand.
The research activity
Following Grossman and Helpman (1991) and Michel and Nyssen (1998) , the research activity requires labor and public knowledge. The stock of public knowledge Ñ Ø that is used in the production of new types of input consists in the inputs being in the public domain ¼ Ò Ø but is also influenced by the inputs covered by copyrights. This latter influence is moderated by the parameter
The parameter is called the diffusion coefficient in the literature. It is equal to one when knowledge is non excludable despite the existence of copyrights. On the contrary it is equal to zero, as in Judd (1985) , when copyrights prevent any positive externality from protected software to public knowledge. In this latter case, endogenous growth is made impossible.
The production of new inputs is made with skilled labor, according to the following constant return to scale technology:
and the unit cost of research Ú Ø is given by
The unit cost increases with the skilled wage and decreases with the level of public knowledge.
There will be entry of new firms until this cost is equal to the discounted flow of profits linked to one invention. This equilibrium condition that determines the number of new firms Ò Ø can be written:
Note that by (19) the discounted flow of profits depends on the investment made by the firms in the final goods sector. This is the main consequence of embodiment in our model: The return to research is related to investment in the final goods sector. Such a property does not arise in research-based growth models if technological progress is fully disembodied as one can infer from the models built up by Howitt and Aghion (1998) and by Boucekkine, del Río and Licandro (2000) . We will see later that this characteristic of the model, featuring a kind of strategic complementarity between investment and R&D, is responsible for multiple steady states to occur. and the consequence is Ò Ø Ò Ø ½ . In this paper, we concentrate on the case where (27) holds.
Household behavior
There are two types of households, skilled and unskilled. They both consume, save for future consumption and supply labor inelastically. The households savings are invested either in physical capital or in the research activity.
We model these households as one representative household supplying À units of skilled labor and Ä units of unskilled labor. He/she maximizes the discounted sum of instantaneous utility:
where is the psychological discount factor and the utility function is logarithmic. The budget constraint is
where Ø stands for the assets detained by households. The first-order necessary condition for this problem is
which, together with the usual transversality condition, is sufficient for an optimum.
Market equilibrium
Equilibrium on the skilled labor market implies the skilled labor force is employed in the final good sector or in the research sector:
Equilibrium on the unskilled labor market implies the the unskilled labor force is employed in the final good sector or in the intermediate good sector:
Equilibrium on the final good market implies
which, after using the budget constraints of the agents, is equivalent to
i.e. savings finance either investment in physical capital or in research.
The equilibrium
In this section we characterize the equilibrium and give some analytical characterization of a balanced growth path.
Characteristics
We begin by stating a proposition summarizing the equilibrium and optimality conditions of the model. The proof is reported in Appendix A. 
Proposition 1 Given the initial conditions Ã ½
Equations (33), (34) and (35) describe the equilibrium on the unskilled labor, skilled labor and final goods markets respectively. The equilibrium interest rate obtains from (36). Optimal consumption is given in equation (37). Equation (38) is the accumulation rule of capital. Equation (39) links the embodied technological progress to the expansion in the varieties of intermediate products. Equation (40) is derived from the free entry condition.
The balanced growth path
We assume that labor supplies Ä and À are constant. The disembodied technological progress Þ Ø is also assumed constant in the long-term. 
We use implicitly the condition Á in (45)-(52), a condition implied by the good market equilibrium and by the fact that the share of consumption in production cannot tend to zero or to infinity along a balanced growth path. Using (45) and (46) Hence, along a balanced growth path, output, consumption, investment and wages grow at the same rate. The stock of capital grows faster as it includes improvement in the embodied productivity. To determine Õ , we need an additional information, which is provided by the restrictions on the long-run levels. Computing these restrictions from the dynamic system (33)- (40) we end with 8 equations for 9 unknowns ( Û, , Ò, Õ, Á, , Ã, Ö and Õ ) since all the other growth rates can be expressed in terms of Õ . The system in terms of levels is therefore undetermined, which is a usual property of endogenous growth models. Fortunately, it is always possible to rewrite this system in such way that we get rid of this indeterminacy. As usual, this is done by "stationarizing" the equations by the means of some auxiliary variables. Indeed, the dynamic system (33)-(40) can be rewritten as a function of eight stationary variables, which are 
Note that since the other growth rates Õ , Ã , Û and depend on Ò through (42)- (44), this system determines all the growth rates of the variables of the model, together with seven other ratios, namely Ö, Û, Ã, , Á, Õ and Ò. Our choice of stationarization is indeed the simplest algebraically speaking given the long run relationships described in Proposition 2. Obviously, we can recover any relevant stationary ratio from the seven previous one. For example, the ratio consumption to output can be simply computed as · Á .
Given the complexity of the long run steady state described above, it is impossible to derive an analytical solution. However, though the corresponding system of equations is indeed extremely heavy to manipulate, it is possible to bring out some interesting intermediate results which turn out to be crucial to understand the issues related to the existence and uniqueness of steady state growth paths in our model. In particular, the following proposition reveals most useful. Clearly if Proposition 4 holds, then we can obtain an explicit equation involving only by using the g-functional expressions of the long run levels in any equation of the steady state system. Therefore we can reduce our 8-dimensional system to an explicit scalar equation involving the growth rate . Once this equation is solved, the remaining long run levels can be recovered using the explicit g-functions of Proposition 4. A proof of Proposition 4 can be found in Appendix C. The proof of the following useful property can be also found in the same appendix.
Proposition 5 Assuming that a solution for the steady state system exists, the long value of Þ only affects the stationary values Ò, Õ and Ã.
The property above is particularly useful in the interpretation of the outcomes of permanent shocks on the disembodied technological progress variable Þ Ø , which is one of the main experiments conducted in the dynamics section. Proposition 5 implies in particular that a permanent change in the level of disembodied technological progress Þ Ø will not affect the long run growth rate of the economy. Interestingly it only affects the long run levels of the variables related to embodied technological progress such as Ò Ø and Õ Ø (stationarized by an adequate measure of raw labor cost). This suggests that permanent movements in Þ Ø will call for optimal responses in the embodied component of technological progress. We will come back to these issues later on. We focus right now on the existence and uniqueness of the steady state.
As argued in the introduction, our model can generate multiple steady state as it entails a clear strategic complementarity due to the embodiment hypothesis: Investment in physical capital and R&D efforts are complementary. Although we can find by Corollary 1 an explicit equation ©´ µ ¼ giving the eventual steady state growth rate(s), this equation is unsurprisingly so complicated-as it summarizes the algebra of 8 nonredundant equations-that no exact solution(s) can be found out. So we resort to numerical resolution using various parameterizations. As expected, it turns out that our model can yield one steady state, two steady states or no steady state at all.
Consider the following calibration or the model. A first set of parameters is fixed a priori to what we view as reasonable values given the empirical evidence available. The skilled population is 10 % of total population (roughly the share of workers with higher education is developed countries). The length of copyrights is set at five years. It means that the profits made on software invented five years ago falls to zero. The total factor productivity in the final sector is normalize to 1. The rate of depreciation of physical capital is 4/100 and the psychological discount factor is 97/100. A second set of parameters is fixed in order to match a series of moments of the steady state we consider. The parameters « and ¬ are such that the share of labor in the final sector is 70 % and the ratio of the two wages about 3.5. The total factor productivity in the research sector is set in order to obtain a growth rate of embodied technological progress around ¾±. We select the elasticity of substitution between As far as the remaining parameter is concerned, we proceed to a more complete analysis of its role. Let this diffusion parameter vary from ¼ to ½. Figure 1 .1 gives the solutions to the equation ©´ µ ¼ when varies. As one can see, for a sufficiently high diffusion rate, two equilibria arise: As expected, multiple equilibria do occur in our model. If the diffusion parameter is not enough big, no positive steady state growth rate solves the equation ©´ µ ¼: Long run growth is not possible. By computing the eigenvalues of the linearized model around the steady states, we are able to assess the (local) stability of each equilibrium. 3 The eigenvalues of the two steady states are depicted in figure 1.2, with their real part on the horizontal axis and their imaginary part on the vertical axis. The presence of complex eigenvalues reveals an oscillatory dynamic behavior. It turns out that the high equilibrium is stable while the low is saddle-point, both in the sense of Blanchard and Kahn (1980) . Figure 1 .1 thus features a saddle-node bifurcation. The same type of outcomes can be obtained if some other parameters are allowed to vary. The following table provides some characterization of the two equilibria at . Clearly, the high equilibrium displays higher investment in both physical and immaterial capital. It also has a higher skilled premium, a higher rate of return and a much higher proportion of skilled persons working in the research sector.
2.1 % 21.3 % 3.56 4.01 % 3 % 3.9 % saddle 12.7 % 26.6 % 4.19 8.51 % 17.7 % 4.2 % node
Since stability in the sense of Blanchard-Kahn involve an infinity of stable solution paths, we will focus on the saddle-point equilibrium hereafter.
Supply shocks, embodiment and dynamics
In this section, we study the response of the system to transitory and permanent changes in the level of disembodied technological progress Þ. In order to mimic the first oil shock, we study adverse shocks. The simulated dynamic system is given in appendix B. The simulations are performed using the methodology proposed by Boucekkine (1995) for saddle-point trajectories. We consider the calibration given above with ¼ and we initialize the economy at the available saddlepoint equilibrium. We consider three types of adverse supply shocks: Non-anticipated, occurring only at t=1; transitory shocks affecting the economy from t=1 to t=5; and permanent shocks. In all cases, the level of disembodied technological falls down by a small amount of ¼ ±.
The main objective of these experiments is to investigate how the economy responds on its "embodied technological progress" margin to these adverse shocks. Here are the fundamental results.
Substitution effects
One important argument put forward to get through the Solow paradox builds on the interpretation that the current boom of IT consists mainly in a vast substitution of IT equipment for other forms of capital and labor. This is basically the claim of Gordon (2000) . An obvious way to test this claim within our model is to study how labor resources are allocated after the adverse supply shocks. Figure 2 .1 gives the evolution of the skilled labor fraction devoted to research (ie, to the creation of new softwares) after an adverse shock occurring only at Ø ½. The substitution effect at the expense of the final goods sector is clear: The fraction of skilled workers doing research rises from ¿± in the steady state to ¿ ¾± at Ø ½. More skilled people devoted to research means an acceleration in the creation of softwares as it is reflected in Figure 2 .2 which displays the dynamics of the growth rate of the number of softwares.
However, mainly because the shock is transitory and the economic agents know this, the economy does not become totally IT-oriented after the adverse shock. To get this point, let us have a look at Figure 2 .3 which gives the dynamics of the unskilled labor fraction assigned to the production of softwares. It clearly appears that this fraction slightly decreases at t=1, before strongly shifting upward the next period. The ration behind this behavior as usual in the models with intertemporal consumption decisions is the following: As the adverse shock only occurs at Ø ½, the economy will try to maintain the consumption level before the shock (consumption smoothing motive). One way to avoid a bigger cut in consumption after the negative supply shock, is certainly not to assign more unskilled workers to the production of softwares and to maintain them in the final goods sector. This is clearly what happens in our experiment: The boom in the production of softwares is delayed by one period once the disembodied technological progress level recovers its stationary value.
To check the consistency of our arguments just above, we run a simulation with a permanent adverse shock. Figures 3.1 to 3 .3 display the dynamics of the skilled labor fraction devoted to research, the growth rate of the number of softwares, and the fraction of unskilled labor devoted to the production of softwares. Note that by Proposition 5, such a shock will not affect the long run equilibrium of the latter variables. However short run dynamics do take place. Since the shock is permanent, the economy will cut its production accordingly and therefore it becomes clearly IT-oriented in the short run. More softwares are produced, more researchers are devoted to create new softwares and more unskilled people are assigned to their production. But as the value of Þ does not affect the steady state equilibrium values of the latter variables, the "IT-revolution" is obviously not everlasting.
Embodiment and labor productivity slowdown
The theoretical studies devoted to the link between embodied technological change and labor productivity slowdown are now numerous. As pointed out in the introduction, the fundamental contributions dealing with this issue treat the former variable as exogenously given (see specially Greenwood and Yorukoglu, 1997) . Since embodied technological progress is endogenous in our model, an interesting issue concerns the behavior of labor marginal productivity in the transition dynamics. Obviously it is an issue if we consider the final goods sector, and not the other two sectors which have linear production functions. And it is an interesting issue in the final goods sector because it amounts to study how embodiment balances the negative effects of the shock on labor productivity. Recall that by equations (6) and (7), the marginal productivity of unskilled (Resp. skilled) labor in the latter sector is measured by Ø (Resp. Û Ø ). We can compute a series for the growth rate of both Ø and Û Ø using the solutions of the simulated stationarized dynamic system. Indeed after some tedious algebraic operations, one can obtain
The growth rate of Û Ø can be trivially deduced from Ø and Û Ø . Figures 4.1 and 4.2 give the evolution of unskilled and skilled labor marginal productivity respectively when an adverse shock affects the economy reducing the value of Þ by ¼ ± from Ø ½ to Ø . The productivity growth of unskilled labor worsens markedly after the shock, reaching its trough at t=2. As for skilled labor, things are less monotonic. However, although productivity gains increase at Ø ½ , they decrease sharply afterwards reach-ing their trough also at Ø ¾. Taking into account the relative weight of each type of labor in total labor resources of the final goods sector and the registered quantitative characteristics of the transition paths, the productivity slowdown is therefore clear and it lasts approximately as long as the adverse shock hits the economy. The IT sectors are consequently unable to balance the negative effects of the supply shock on labor productivity growth in the final goods sector. To understand why the productivity slowdown in the final goods sector is so important at Ø ¾, Figures 4.3 to 4.5 are most helpful. Indeed, at Ø ¾, the fraction of skilled people assigned to research and the fraction of unskilled people assigned to the intermediate goods sector attain their respective maxima, together with the growth rate of the number of softwares. So at this date, the allocation of labor resources is particularly bad for the final goods sector, which shows up clearly in the dynamics of labor marginal productivity.
The skill premium, the value of research and the interest rate
One of the most interesting debates around the IT revolution concerns the skill premium that presumably increases in the information age. There is a huge literature on this topic starting from the capital-skill complementarity hypothesis advocated by Griliches (1969) . Admittedly the skill premium increases in periods of sharp technical change since skilled workers have a comparative advantage in running the new technologies but this premium tends to vanish as the innovations get assimilated by the economy (see Bartel and Lichtenberg, 1994 , for empirical evidence). Therefore, the IT revolution should be accompanied by a rise in the skill premium at least in the short run.
In our stationarized dynamic model, the skill premium is directly measured by the variable Û Ø Û Ø Ø . Figure 5 .1 displays the dynamics of the skill premium when the adverse shock only occurs at Ø ½. From sub-section 4.1, we know that the demand for skilled workers in the research sector will increase, which tends to push up the skill premium at Ø ½. Things are not that simple in our model since unskilled workers are also involved in the IT revolution: It is the labor force used for producing softwares. However, when the adverse shock is transitory, the consumption smoothing mechanism leads to delay the production of softwares by one period. Hence, the skill premium should unambiguously rise at Ø ½ , and that is what Figure 5 .1 says. Things are certainly less clear when the adverse shock is permanent since the consumption smoothing mechanism is no longer at work. As seen before, in such a case the demand for unskilled workers in the intermediate good sector rises at Ø ½, which tends to push upward the wage rate of these workers. Figure 5 .2 reports the results of the permanent shock simulation. Though the demand for unskilled workers does rise in the intermediate good sector, the induced pressure on these workers' wage is not enough to offset the skill premium at Ø ½. In our experiments, skilled workers turn out to be "more needed" than the unskilled to launch and implement the IT revolution, and this is reflected in a skill premium which prevails in the short run independently of the timing of the adverse shocks.
The specifications adopted as for the type of labor input required in each sector are obviously crucial in the results stated above. In particular, since our IT sectors also employ unskilled workers in pure production tasks, which seems to us highly reasonable, things are not that clear. Undeniably if adoption costs are included in our model as in Greenwood and Yorukoglu (1997) , the story would be more complete: Skilled labor is not only needed to create new softwares, it is also needed to adopt the innovations. Though skilled people are employed in the final goods sector in our model, there is no explicit adoption task which entirely lies on the shoulders of the latter. Our approach is indeed complementary to the story told by Greenwood and Yorukoglu: While skilled labor is required for technology adoption, unskilled people are also needed in the production of the intermediate goods associated with the innovations.
The skill premium debate is part of a larger debate on the income distribution effects of the IT revolution. Another fundamental point concerns the consequences on the stock market evolution in line with the discussion opened by Greenwood and Jovanovic (1999) and even more recently by Jovanovic and Rousseau (2000) . We could have much more comprehensively studied this question by introducing a stock market and an explicit decision on the distribution of dividends as did Greenwood and Yorukoglu in their 1997 paper. Our model is too simple on the financial markets side to bring out interesting lessons regarding these issues. The linear technologies adopted for the intermediate and research sector do not help much in this respect. As an example, one can check that the ratio "value of the firms in the research sector" to "skilled labor wage", namely ÚØ ÛØ , is exactly equal at equilibrium to the skilled labor assigned to the research sector. We know from subsection 4.1 that the latter sharply increases in the short run when the economy is affected by adverse shocks, which in turn means that the value of the firms creating softwares will sharply increase in the short run too. Though this result is good in itself, it is too mechanically generated to be taken more seriously than an elementary consequence of our simple technological specifications of the IT sectors.
To end this income consequences subsection, let us have a quick look at the dynamics of the interest rate in our model. Figures 5.3 and 5.4 give the solution paths for the interest rate when the economy is respectively affected by an adverse shock at t=1 and by a permanent adverse shock. When the shock is permanent, the interest rate increases slightly at Ø ½ , while it markedly goes down from ± to nearly ¿± at Ø ½ when the shock only hits the economy during this period. We can interpret these results using the same type of arguments as those in the previous subsection on labor productivity slowdown. Indeed, as usual, an adverse shock on Þ Ø has basically two effects on the interest rate: a negative one through the diminished marginal product of capital, and a positive one through the decrease in the level of production of the economy inducing excess demand and diminishing desired real saving. When the shock is transitory, the magnitude of the temporary IT revolution is not big enough to offset the negative consequences of the adverse shock on the marginal productivity of capital. Indeed, the latter also dominates the positive effect described above, and the interest rate goes down at Ø ½ . In contrast, when the shock is permanent, the magnitude of the IT revolution is sufficiently big to counter-balance the negative consequences of the adverse shock on the marginal productivity of capital: The rising rate of embodied technological progress markedly improves the return to capital, an so should rise the interest rate. Our exercise thus clearly points at an IT pressure on the interest rate if the associated rate of embodied progress is enough important and persistent.
Conclusion
This work has been essentially conducted to theoretically study the conditions under which an IT revolution may endogenously occur. In contrast to previous contributions (among them the seminal paper of Greenwood, Hercowitz and Krusell, 1997), we don't assume that there has been an exogenous acceleration in the rate of embodied technological change; rather we try to identify the mechanisms leading to an endogenous IT boom. To this end, we have considered an economy with a preeminent IT sector. In modeling this sector, we meet some fundamental characteristics. First at all, technological progress is embodied. The new softwares can only be run on the the most recent generations of hardware for technical compatibility requirements. So we construct a vintage capital modelà la Solow (1960) which additionally gives rise to endogenous growth. Indeed, we introduce a separate research sector (producing softwares) with a market power (copyrights) accruing to the innovator so as to stimulate innovation and growth. Finally, while the new softwares are copyrighted during a fixed period of time, they become public knowledge at a certain point in time, which generates positive externalities in the rest of the economy: The information technology may a be a powerful engine of growth.
Due to strategic complementarities of the same type as those pointed out by Boucekkine, del Río and Licandro (2000) , our model can give rise to multiple steady states. We have given some insight into this issue together with some theoretical outcomes on the long run equilibrium. Then we focus on the dynamic response of the economy to adverse shocks on the level of disembodied technological progress. The latter shocks are considered to mimic say the oil shocks. We derive different interesting results. First, an adverse shock on the level of disembodied technological progress is shown to give rise to substitution effects: The labor resources of the economy are generally diverted from the final goods sector to sustain the creation and production of new softwares. During the IT boom, labor productivity's growth slowdowns, the skill premium rises as well as the value of firms undertaking research. In this respect, our model performs very well. However, as the considered shock, even permanent, does not affect the long run growth, the registered IT boom is always transitory and nothing can be said about the long run sustainability of an IT-driven growth regime. This should the next step in our research schedule.
